Preventable environmental causes of cancer, including tobacco smoke and other carcinogens in the diet, workplace, and ambient environment are responsible for the vast majority of human cancers. This paper reviews recent molecular epidemiologic studies that have focused on environmental carcinogenesis and environment-host interactions. Biomarkers such as carcinogen-DNA and carcinogen-protein adducts, mutations in reporter or target genes (e.g., HPRT, GPA, ras, p53), or genetic or acquired susceptibility factors (e.g., polymorphisms in the P450 or glutathione-S-transferase genes and serum levels of antioxidants) have shown significant potential in prevention. They should be useful in early identification of at risk individuals and in designing and monitoring interventions (smoking cessation, exposure reduction, and chemoprevention). -Environ Health Perspect 103(Suppl 8): 233-236 (1995) 
Introduction
Environmental factors are implicated in the vast majority of human cancers. These include exposures due to lifestyle (smoking, diet, alcohol consumption), and carcinogenic chemicals in the workplace and general environment. In a complex interaction, risk from these environmental exposures is modulated by genetic and acquired susceptibility factors. Genetic factors by themselves are probably responsible for only about 5 to 10% of cancers. Molecular epidemiology has the potential to clarify the contribution of environmental factors to cancer causation and to identify highrisk groups and individuals for purposes of prevention.
A considerable number of carcinogens (agents known to be carcinogenic in experimental systems and/or in humans) are found routinely in the different environmental media. Tobacco smoke contains 4-aminobiphenyl (4-ABP), polycyclic aromatic hydrocarbon (PAH), 4(N-methylnitrosamino)-1 -(3-pyridil)-1 -butanone (NNK), and many other carcinogens. Diverse carcinogens are found in the food supply, including aflatoxin, dichlorodiphenyltrichloroethane (DDT) , Nnitrosodimethylamine (DMN), PAH, and heterocyclic amines. Table 1 also lists cancer-causing contaminants in the workplace, drinking water, and the ambient air. However, the contaminants listed in Table  1 represent only a small part of the problem because monitoring data are available for a limited number of chemicals. Moreover, an estimated 1000 new chemicals are produced yearly and few of the more than 50,000 chemicals currently in commerce have been sufficiently tested (1) . From the public health perspective, we need to know what effects these agents are having at the levels at which we are experiencing them, and we need early warning systems to detect those effects.
To prevent environmentally related cancer, we must identify environmental risk factors in a more timely way and then determine which groups and individuals are at greatest risk. The next step is to design interventions targeted to those populations and individuals. Molecular epidemiology has potential in this regard. Molecular epidemiology fuses advances in the molecular biology and molecular genetics of cancer with epidemiology to understand the molecular dose of specific agents, their preclinical biological effects, and the biologic factors that modulate (4, 5) , others have shown a significant association (6) (7) (8) (9) . In subjects with the CYPlAllMspI polymorphism (heterozygotes and homozygotes combined), PAH-DNA adduct levels were only modestly higher than in those with the wild-type CYPlAllMspI. However, a significant association was seen between PAH-DNA adducts and the exon 7 (Ile -Val) genotype. Among the smokers, adduct levels were more than two times higher in subjects with the Ile-Val mutation (9.8 ± 8.6/108 nucleotides, n= 10) than in subjects without the mutation (4.5 ± 5.3/108 nucleotides, n= 148) (p < 0.01) (10) . Although limited by small numbers, this study indicates a possible mechanism by which cancer risk from smoking varies within a population.
Passive smoking in the home affects as many as 9 million American children under the age of 5 years (11). Passive smoking is associated with respiratory illness and lung cancer in nonsmokers (12) (13) (14) . Moreover, children may be at heightened risk of cancer later in life as a result of exposure to such carcinogens during their early development (15, 16 We have recently studied biomarkers among Hispanic and African American preschool children and their mothers with varying exposures to ETS (17) . Serum cotinine and PAH-albumin adducts were both significantly higher in the children whose mothers smoked than in the children of nonsmoking mothers (p < 0.001 and p < 0.05, respectively). Cotinine levels were also significantly higher in the children whose mothers did not smoke but who had ETS exposure from other household members than in the unexposed children of nonsmokers. There was a significant dose-response relationship between cotinine and the number of cigarettes smoked per day by the mother both in children (r2=0.23, p= 0.01) and in the mothers (r2= 0.22, p = 0.01). Among the nonsmoking mothers, regression of biomarkers against total passive smoking exposure also showed a significant association with cotinine (r2 = 0.25, p = 0.04).
PAH-albumin did not show the same dose-related response with the smoking variables. Mothers' cotinine levels were significantly correlated with those of their children (r = 0. 76, p < 0.00 1O), as were PAH-albumin adducts (r= 0.27, p= 0.014). These results highlight the need for smoking cessation programs targeted to these populations, particularly to younger women of reproductive age.
A second important environmental exposure is ambient air pollution containing PAH and other products of fossil fuel combustion. In Eastern Europe and other highly industrialized areas, industry is a major source of this type of pollution, as is residential coal burning. Through an international collaborative effort, we have studied biomarkers in residents of the Silesian region in southwest Poland, which is heavily industrialized, has high levels of ambient PAH, and also has high rates of lung and other cancers (18) . These subjects were compared with residents from a rural area in northeast Poland, which had roughly 10-fold lower levels of air pollution and lower cancer rates. Biomarkers were measured in peripheral blood: PAH-DNA and aromatic-DNA adducts, ras oncogene activation, sister chromatid exchange (SCE), and chromosomal aberrations. All were elevated in the environmentally exposed group after adjusting for smoking and age. Further, there were linear relationships among ambient exposures and both measures of DNA adducts as well as SCE and chromosomal aberrations.
So, what do these markers tell us about potential risk? As a first step in answering this question, we conducted a case-control study of non-small cell carcinoma of the lung, with more than 100 cases and a comparable number of controls. A number of biomarkers, induding PAH-DNA adducts, were analyzed in peripheral blood from cases and controls (19) . After adjusting for age, gender, season, ethnicity, and number of cigarettes smoked per day, PAH-DNA adduct levels in white blood cells were significantly associated with lung cancer. The odds ratio (OR) was 2.75 (confidence interval [CI] = 1.37-5.50) when PAH-DNA adduct levels were stratified into high and low categories. Such a finding suggests that the ability to activate and bind carcinogens efficiently may have been a risk factor in the disease.
As mentioned, a polymorphism in the GSTM1 gene has been associated in some but not all (4, 5) studies with risk of lung cancer (8, 9) . Interestingly, in the case-control study described above, the odds of lung cancer were 12-fold higher in people with both high levels of adducts and the GSTMI high-risk genotype (n= 10) than in people without these factors (n= 84; OR= 1.7, CI = 1.2-115, p= 0.04) (20) . Additional research is needed to confirm these findings.
In a pilot study of biomarkers in breast cancer, DNA adducts were detected in breast tissue from breast cancer cases and controls by the 32P-postlabeling method using the P1 nuclease extraction procedure (21 
Conclusion
Biomarkers have potential in intervention. As shown in the smokenders study, they can document a decline after exposure reduction (28) . (33) .
Although more research is needed to fully validate this approach, the results to date are encouraging and suggest that molecular epidemiology ultimately may prove to be a useful tool in prevention of environmentally related cancer.
